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Methods
Synthesis of Boc-Cys(S-CH 2 CH 2 -NH 2 )-OH (6)
Boc-Cys(Npys)-OH (187 mg, 0.5 mmol) and cysteamine hydrochloride (45 mg, 0.4 mmol) were dissolved in THF/H2O (1:1 v/v, 5 mL). N-methyl morpholine (NMM, 20 µL, 0.2 mmol) was subsequently added and the reaction mixture was stirred overnight.
Disappearance of the cysteamine starting material from the now orange reaction mixture was confirmed using TLC (10% MeOH/CH2Cl2, staining with ninhydrin). ESI-MS indicated a mass of 297.1, corresponding to m/z of the [M+H] + of the product (C10H21N2O4S2 + , calculated mass 297.1). In addition, two other masses that corresponded to 3-nitro-2-pyridine thiol (156.8) and excess Boc-Cys(Npys)-OH (375.9) were also found. This crude material was used without further purification.
Synthesis of Boc-Cys(S-CH 2 CH 2 -NH-Cy5)-OH (7)
To 0.5 ml of the reaction mixture of 6 (40 µmol of crude 2), NMM (10 µl, 100 µmol) was added to adjust the pH to 8. Cy5-OSu [1] (5 mg, 5.4 µmol) was added and the reaction mixture was stirred for 2.5 hours. Hereafter it was diluted with H2O (4 mL), acidified with trifluoroacetic acid and purified by semi-preparative HPLC. The fraction containing product was lyophilized to yield the title compound as a blue fluffy solid 
Synthesis of Cy5-S-S-Cy3-COOH (8)
Boc-deprotection of 7 (0.4 mg, 0.35 µmol) was performed by trifluoroacetic acid (TFA, 1 mL), after which the mixture was stirred for 1 hour. The TFA was then removed by concentration in vacuo and the residue was co-evaporated with chloroform twice, after which it was lyophilized from tert-butanol/water (1:1 v/v). The dry compound was then dissolved in phosphate buffer (1 mL, 100 mM, pH 8. 
Synthesis of Cy5-S-S-Cy3-AcTZ14011 (9)
For synthesis of Cy5-S-S-Cy3-AcTZ14011 (Scheme SI1) compound 8 (0.2 mg, 0.1 µmol), PyBOP (2 mg, 4 µmol), Ac-TZ14011 [4] (2 mg, 0.3 µmol) and NMM (10 µL, 100 µmol) were dissolved in DMF (400 µL) and stirred for 2 hours, after which water was added and the reaction was allowed to continue for another 30 minutes. The reaction mixture was then diluted with water (4 mL), acidified with AcOH (10 µL) and purified using semi-preparative HPLC. The fractions corresponding to the pure product were lyophilized to yield a purplish blue fluffy solid. This was dissolved in 1 mL water and the concentration was found to be 2.4 µM (2.4 nmol total compound, 2% yield), as determined using spectroscopy (using a Cy5 molar extinction coefficient of 2.5 · 10 to the cuvette for a final concentration of 3 mM DTT, and after mixing, the mixture in the cuvette was incubated for 140 minutes, after which fluorescence was measured every 5 minutes after excitation at 520 nm. When the compound was fully reduced, a 2D representation was recorded using identical procedures to those described above.
DTT reduction kinetics evaluation was performed in the same fashion for Cy5-S-SCy3-AcTZ14011.
Results
Absorbance spectra of N3-Cy5-AcTZ14011 and Cy7-DBCO 
Fluorescence confocal imaging de-activatable concept over time
Photophysical properties of the activatable tracer Cy5-S-S-Cy3-COOH
Limited solubility of Cy5-S-S-Cy3-COOH in both aqueous and organic media was observed during the labeling of the targeting peptide Ac-TZ14011 with Cy5-S-S-Cy3-COOH, which resulted in Cy5-S-S-Cy3-AcTZ14011. This was most likely caused by the complementary charges on the peptide (overall +5 charge) and the dyes (overall -4 charge).
FRET efficiency and activation kinetics upon disulfide reduction were determined in situ ( Figure SI4 ). Excitation at 520 nm ( Figure SI4 A grey dotted line) in 6 PBS yielded a low-intensity Cy3-related fluorescence signal (561 nm) and a relatively strong Cy5-related fluorescence signal (670 nm). This feature was indicative for FRET between Cy3 and Cy5 (measured efficiency: 55%). Cy5-S-S-Cy3-COOH prior reduction of the disulphide bond and E) after reduction.
Fluorescence confocal of "activatable dye"
Membranous binding and activation of fluorescence of Cy5-S-S-Cy3-AcTZ14011 was performed according to identical procedures as described in the main manuscript, with incubation of the tracer at 4 ºC and evaluation over time at room temperature; conditions under which first membranous staining can be observed followed by internalization (See Figure 2 in main manuscript) . FRET between Cy3 and Cy5 was evaluated at λex 550 nm, λem 650-700 nm (Scheme SI1 B, Figure SI5 ).
Membranous localization of the tracer could be visualized after excitation of Cy5 
